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the time of the shower, however, (and this may be said t.0 
mark the passage of the squall line,) t,here was a ver? 
sudden drop from 65" to 56" and a somewhat slower rise 
to 63O by 5.15, followed by an irregular drop t.0 56" at 
S p. m. 

Figure 6, givinw the copies of the original records from 
Springfield and b a n d  Rapids, shows t,he progress of 
meteorological phenomena during the day. I t  appears 
from the esamination of many records, even from t>hose 
much closer to the paths of the tornadoes t.han these, 

t,hat there is veiy 1itt.le disturbance to the diurnal march 
of t,he elements upon the passage of these very violent 
disturhtmres up t,o within a very short dista.nce from the 
whirl. This simply emphasizes the estremely local 
rharwter of t.he t.ornado, and is borne out by the seem- 
ingly capricious conduct of the whirling cloud as it passes 
along. As is seen from the figure there was litt,le or no 
bnromet.ric disturbance at  the the :  of tornado )assage, 

the station .- C. LeIioy Mekingor.. 
ahhough severe t.ornadoes passed only a few mi 1 es from 

A KITE FLIGHT IN THE CENTER OF A DEEP AREA OF LOW PRESSURE. 

By VINCENT E. JAKL, ErIeteorologiet. 

[Weather Bureau Aerological Station, Drexel, Nebr., May 34.19aO.l 

Kite flights are not, ordinarily possible near t.he cente1.s 
of intense LOWS on account, of the kites being unable t.0 
withstand the attendant stormy weat,her or winds of 
gale to hurricane forre. On March 28, 1930, Drcrel 
was evidently in or near the very center of a well-defined 
LOW of the circular or oval type. Light winds in t.his 
region of the LOW made a flight possible, but also limibed 
the flight to a comparat.ive1y low altitude. Notwit,li- 
standing the low height attained by the kites on t,liat, 
day, the rather unusual circumstance of bhe flight. 
invites a discussion of t,he free-air conditions t.hat pre- 
vailed, especially in vie.w of the fact. that t,ornndocs 
occurred on the same day over middle emtern and 
southern States. The deductions arrived at, suggest.ins 
an espla.nat.ion of tornado condit,ions, w e  princ:il)ally 
from the results of this flight a.nd a comparison of t,hmi 
with the conclit.ions shown by the fliglit,s of the previous 
and following days. Related conclit.ions on other dates 
or at other st.at,ions are also cliscussed or referred t.0. 

The weather map for 7 a. ni., 90th meridian time, on 
March 38, .1930, shows a deep area of low pressure owr  
the Missouri Valley, t.he innermost isobar, 23 inches 
(sea-level), encirclin Omaha, Nebr., as an approsiniste 

west of Omaha., can be given equal prominence tis t,he 
center of the low-pressure trough. In point of fact,, the 

ressure at  this hour of observation, reduced to sen le1-cl 
!y the usual method of coniputat,ion, wa.s SS.94 inches at. 
Dresel, or 0.04 inch lower t.lian at. Omaha. 

A kite flight, bewun almost simult.aneously with the 
general 7 a. ni. surface ohsenations represented on the 
weather map of this dat,e, was finished txo'hours later. 
The surface pressure reached its lowest level about. the 
time the fli ht, was beuuii, and remained prsvticallv 

The upper-air observations recorded dunng t.he flight 
can therefore be properly referred to the position of Dresel 
in the LOW- indicated on the 7 a. m. weather map. 

Light haze prevailed during the flight. ancl until 11 
a. m., or throughout the time t,he ressure remained low 
and stationary. Followin. the a B rupt rise in pressure 
that began at  11 a. m., t f ie haze gave place to stmt.0- 
cumulus clouds that quickly overcast the sky, and 
brought a fall of light rain, turning t,o snow. The surface 
wind, that hac1 beenlight sout,herly during the flight.,bec.anie 
a northwest gale shortly aft,er the rise in ressure set, in. 

The significant, fa& that, it  is intendei to bring out 
are the veering diminishing winds aloft during the pro- 
gress of the flight, the apparent progressive veering of 
the winds from the highest altitude down to t.he Found, 
and the prowessive fall in temperature at. certain alti- 
tudes from tEe 27th to the end of t,he fight on the 2M1. 

center. Dresel, Ne % r., being only 1s niiles west,-nort'h- 

stationary t.i P 1 about an Lour aft.er the. flig!it wm ended. 

"he generally light diminishing winds encountered dur- 
ing t,he sight! are undoubt,edly a feature of the central 
area of a T.OW, and can probably be esplained as due to 
t,he graEdua1 rcadjustment of the air masses to an almost 
o ?posit.e clirect,ion of movenient. Some interesting con- 

circumst.ance of the progressive veering of the wind 
downward toward the ground md the fall In temperature 
that. at,tended and preceded the veering in direction. If 
the inferqnw that the fall in temperature attending and 
preceding t.hc veering in directmion is carried farther, and 
nn earlier fall in t,eniperat.ure. in the higher altitudes 
assumed, some of the obserred characteristics of the 
front of I.OWS might be more easily esplained. 

A question that su wests it.self from the records of 
t . 1 ~  S7t.h mid 2Sth is: fi%s the rapiclly rising temperature 
in t,he strong southerly winds noted at and near the ound 
on t.he 2;  th, coincident with falling temperature at%gher 
nltitudes: and if so, was a similar but :more pronounced 
c.cindit.ion a day later over sevt,ions farther to the east 
responsible for the tornadoes that were reported from 
middle eastern and southern States 8 

The first. part of t,his quest,ion can be answered in the 
affirmative if the evidence is sufficient that the fall in 
teniperature (with presumably no change in surface- 
wind direction, but with a change of 3 or 3 points at 
1,500 meters) noted in the lower strata on the 2Sth 
began in the hi her strata on the 37th. V\We it will be 
noted from Tab 7 e 1 that much lower temperatures were 
recorded at. all altitudes on the 3Sth a.s compared with 
corresponding alti t,udes on t:he 2it:li, there seenis no reason 
t.0 doubt, from the circumsta.nce of pressure {istribu- 
t.ion, that, the wind at. these altitudes was blomng con- 
t.inuous1y from a sout,herly or southwesterly direction 
from the morning of tlie 2it.h to the morning of the 28th. 

Owin t.o the strength of tlie winds aloft on the 27th, 

enough iior cover a period of time long enough to show 
m y  innrked chanwes in teniperat,ures in t.he higher strata. 
9 more completekte flight was made on t.he same da at 

nad inc*rease in t.he lapse rate in the higher levels. How- 
ever, more definite evidence of a simultaneous fall in 
t.eniperat,ure aloft ancl rising or sustained high tempera- 
t.ure near the ground in the front quadrants of a LOW 
may be deduced from the records of some diurnal series 
of flights. Reference is made to the records of the 
diurnal series of October 16-17 and November 8-9, 
1917 ( l ) ,  hot,h of which are good illustrations of pro- 
gressjve t.em >erntures aloft receding thunderstorm 

c i usions, however, may be inferred from the apparent 

the fligit B on t.hat day did not reach an altitude high 

Royal Cent,cr, Ind., a record of which is ven in Tab T e 2. 
This record shows a small but distinct fa f? in temperature 

condit,ions. hhile these recor B s apply to the autumn 
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season, thevarefairly typical of theconditionsin thefront of 
a LOW leading to unstable equilibrium, and h w e  been se- 
lected as the most descriptive of the records available. 

Upper-air obsmvations show conclusively that in the 
extratropical cyclone tshe isobars open up and become 

sse. 
sse. 

Flg. 7.-Wind flow in upper and loser levels of the LOW of March 28, 1920. 

more or less V-shaped in the upper regions, and that the 
change from closed to open isobars varies in altitude 
according to the int.ensity, temperature distribution, and 
other characteristics of the storm. Assuming a circula- 
tion as depicted in figure 7, steep vertical temperature 
gradients and unstable equilibrium .can be accounted for 
over the area receiving strong drainage of warm moist 
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air from the Calf. That colder air in the u per strata 
actually followed in the wake of the storm o P March 28, 
is att,ested by the record of the kite flight of March 29. 
: n this flight, the temperature recorded at  4,280 meters 
above sea level was as low as the midwinter mean for 
that alt.itude.i2) . ~ t  is of further interest to note that 
this low temperature aloft occurred in an area of rela- 
tive, not absolute, high pressure. 

. t is quite reasonable to suppose that the position of 
the V-shaped isobars aloft with rkference to the center 
of low pressure on the surface varies with individual 
st.orms, and probably with the season for any average 
type of storm. A seasonal variation might account for 
the peculiarit of tornadoes to the spring and early 

ery of temperature aloft in spring. This lag is well shown 
for March and April over Dresel in figure 2,  page 3,  
MONTHLY WEATHER REVIEW-, January, 1920. (2) 

:in c.ont-rast to t-his sust,ained low temperature aloft is 
the occasional warm wave in strata near the ground, an 
example of which is shown in the temperature record 
of t,he flight of March 57. j t is apparent from this rec- 
ord and from the subsequent further heating of the 
surface layers t.hat in these lower strata temperatures 
finallg occurred that were equal to or slightly esceeded 
the June averages. (2) The extreme contrast in temper- 
ature that occurred wit,hin less than 4Y hours between 
the surface layers and those aloft was therefore nearly 
equal to the extreme annual range in their respective 
month1 averages. 

Furt T ier statistical study of upper air observations in 
LOWS will probahl show some average annual variation 

on the surfac.e. A possible seasona.1 change that sug- 
gest,s itself from a cursor examination of kite flight 

aloft may on the average be displaced eastward as the 
warm season advance!. When flights are possible in the 
rear of pronounced circular or oval LOWS of the type of 

summer niont i s and the related fact of lag in the recov- 

in the position of t! i e isobars aloft with reference to those 

records is that the apes or 9 ower extremity of the isobars 

......... sse. ......... sse. 

......... s. ......... ssw. 
-0.62 saw. 

TABLE 1.-Free-air dafn froni kifefEighta at Drmel, Neb.  

Mar. 29,1920. 

7:03 

7:17 

7:31 

7:42 

7355 

9:37 
9Afi 

9:51 

Mar. 28,1920. . il 

8.0 

8.4 

9.0 

I 9.4 

10.1 

15.4 
15.7 

16.1 .............. .............. .............. .............. .............. .............. .............. .............. .............. .............. .............. 

I 

0.1 ........ 
2.0 ........ 
2.6 0.08 
2.71 ........ 
2.9 1.64 

1 sur- 
face 

ture. 

sw. 
w. 
w. 
wsw. 
saw. 

A . M .  I "e. 
6:5l 8.0 

4.9 
2.8 
5.5 
9.4 

12.6 
13.4 
15.4 

......... ' sw. 
0.85 sw. ......... sw. ......... sw. 
0.80 sw. ......... sw. ......... sw. 

Mar. 27,1920. 
1- 

At different heights al>ovesea. I /  

17.4 ......... 
17.6 1 -3.48 
11.3 1.21 

_- 
Alti- 
tude. 

m. 
- 

396 
500 
750 

1000 
I' ass 
1' 250 
1: 500 

2' OOO 
2' 292 
2' 500 
2' 841 
2' 500 
2' OOO 
1'602 
1'500 
(250 

1 602 

l9E 
793 
750 
500 
3Q6 ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... 

sw. 
SW. 
SIW. 

Tem- 
pera- 
ture. 

3,(m -9.7 
3 3M -11.2 
3:500 -13.0 
4,000 -15.1 
4 117 -15.8 

4 OM) I 115:s 
3:W -15.13 
3,500 -13.7 
3,2S -12.8 
3,000 -11.0 
2500 -7.9 
2'427 - 7.4 

1,874 - 2.1 
1500 1.4 
1:%7 3.7 
1.OOO 6.3 
630 R.1 
750 9.1 
500 12.4 
39U 13.7 

4:253 16 3 

2:oOo - 3.3 

........ w. 
0.41 wnw. ........ wnw. ........ w. 
0.151 w. 

........ 1 w. 
0.41 I W. 

........ w. 
0.63 w. ........ w. 

........ wsw. 
0.M wsw. ........ wsw. 
0.92 wsw. ........ wsw. 
1.05 wsw. ........ wsw. 
1.28 WW. ........ wsw. ........ wnw. ........ wnw. 

0.28 '  w. 

~~ 

13.7 ......... ssw. 
13.3 ......... ssw. 
13.6 I -0.35 1 ssw. 
10.3 ......... ssw. 
7.8 0.84 ssw. 

18.3 
18.0 
9.3 
9.5 

10.3 
10.7 

....... ....... ....... ....... ....... ....... .............. 
.............. 
.............. .............. .............. .............. .............. .............. .............. .............. .............. 

......... L.W. ......... SSW. ......... ssw. 

...................... ...................... ...................... ...................... 

...................... 

............... ............... / ::::::: 

...................... 

...................... ...................... ...................... ...................... 
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1.p8:;il A . M .  
7:38 

9.9 
14.5 

20. A 
19.0 I/ 7:46 

12315 

l:l2 

1:s 

1:45 

I 2:03 

I 2:18 

2% i 

....................... ....................... ....................... ....................... ....................... ....................... ....................... ....................... ....................... ....................... ....................... 

A t  different heights above sea. 1 )  sur- __ 
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tem- 
pera- 1 Alti- 
ture. I tude. 
-- 
oc. I m. 

'.' i 
'50 

1,250 
9.0 1 171 

....... ! ........ ................ ............... .............. ............... ............... ............... ............... ! ....... q ........ 
' I  ....... i ........ ............... ............... .............. ....... 

............... ....... .......I :::::::: 

II 
Tcm- 1 At i- Wind;!/ Time. 

1 1 Direc 
I tion. 

3.7 ........ SFW. 
7.6 ........ sw. 
9.2 ........ sw. 

_ _  
ur. 

rare 
tem- 
pera- 
ture. 

oc. 
- 

4.0 

5.3 

lj. 8 

7.3 

8.3 

8.0 

9.4 
9. 6 

10.6 

13.0 

13.7 

13.8 

13.2 

13.1 

13.7 

---____- 
At different heights above SBB. 

Wind. 

-I-! I- 
m. I "C. I 
398 4.0 ......... ssw. 

750 

E 1 3.7;  ........ ssw. 
3.1 0.28 sw 
2.9 I ........ I sw: 

- 
Veloc- 
Ity. 

1. p. a. 
5.4 
5.0 
4.8 
4.7 
7.5 

10. a 
11.6 
12.6 
14. R 
14.9 
15.0 
15.1 
15.1 
15.2 
15.7 
17.5 
17.9 
17.9 
17.6 
17.4 
18. R 
19.5 
18.0 
15.5 
15.1 
12.6 
11.9 
12.0 
12.0 
11.5 
11.1 
11.0 
10.5 
10.3 
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11.1 
%6 
7.2 
7.6 
8.6 
9.5 

5.8 

3.3 
2.6 

-1.5 
-5.7 
-7.4 

9.8 
8.7 

March 28, they show a deep northerly or northwesterly 
wind, sometimes backing to westerly at still higher alti- 
tudes. On the other hand, flights in the rear of LOWS 
that seem more commoii to the w i n h  season frequently 
show a strong, cold,. more or less shallow northerly wind, 
surmounted by a wind fron? some soutlidy direction. 

Thunderstornis occurred in the vicinity of Dresel on 
the night of the ?7th-%th. The LOW had evidently 
been insufficiently deyeloped to cause tornadoes in this 
section on the 27th, while by the 'Sth the conditions of 
temperature conducive to strong vertical circulation had 
passed by. 

It is ossible that when tornadoes occur near the 

mechanical and arises from a wind shift line muc.h more 
abrupt than that apparent in the LOW of March 2s. 

center o P a deep depression their cause ig often largely 
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DISCUSSION. 

While there is no direct proof that there was a cold 
wind above the line where the tornadoes formed, it is 
reasonable to surmise its presence to account for t,lie 
shift in surface wind. One other hit of evidence as to 
the resence of the cold wind above t-he warm is found 
in tRe occurrence of the tornado near Lincoln, Ill., late 
in t,he afternoon, about six hours nfter the passage of 
the wind-shift line that carried the other tornadoes. 
At  Springfield, Ill., there was at this time a gradual change 
of wind to west, but it would not appear to have heen 

.......... i Re. ..... i:Q.J se. 
se. .......... se. .......... s. .......... ssw. 

-am ssw. .......... SSW. .......... sw. 

0.59 wsw. .......... wsw. .......... WSW. .......... sw. 
0.73 sw. 

sudden enough to account for a tornado without the aid 
of a strong vertical movement induced by a considerable 
contrast between the temperature of tlie wind near the 
surface, and that at  a moderate elevation. In  any event, 
the xesence of a cold wind aloft may not be indispensable 
to h e  forniation of tornadoes, where winds converge 
violently.-Chn.rles F. Brooks. 

TABLE ?.-Ree-air data from kiteflights at Royal Center, Ind., dlar. 27, 
1990. 

_ _ _ ~  - 
At different heights above sea. 

Time. 

L M. 
10:36.. ................. 
11:m ................... 

1153 ................... 

P. M. 
l2:oQ.. ................. 

1240.. ................. 
1:05.. ................. 

1:s.. .................. 

1:s .................... 
2:oo.. .................. 

- 

Surface 
empem 
ture. 

c. 
11.4 

12.3 

14.8 

14.9 

16.0 

16.5 

17.4 

17.5 

17.6 
- 

- 
Lltitude 

- 
m. 

225 
250 
500 
636 
750 

loo0 

1'314 
1'250 

1'500 
2: 000 

2' 500 
3'000 
o:.m 
3'5011 
3'OOO 
2: 537 
2500  
2' 000 
1'500 
1:388 
1,250 
1,m 

750 
605 
500 
250 
235 

2 419 

3 708 
-6.1 .......... 
-3.0 .......... 
0.3 .......... sw. 
4.9 .......... sw. 

10.6 0.15 I ssw. 
9.51 .......... 1 ssw. 

'elority. 

n. p .  a. 
6.3 
6.2 
5.3 
5.0 
5.8 
7.4 
9.1 
0.5 
10.8 
14.5 

17.5 
17.4 
16.6 
15.8 
15.5 
15.3 
14.7 
14.2 
14.3 
15.4 
16.4 
16. 7 
15.8 
14.0 

11.2 
10.7 
9.5 
9.4 

12. a 

THE TORNADOES OF MARCH 28, 1920, IN EAST-CENTRAL ALABAMA. 

By P. H. SYYTH, Meteorologist. 

[Weather Bureau, Montgomery, Ala., Apr. U, 1920.1 

The principal tornado fiivt appeared at  Deatesville, 
18 miles north of Montgomery, a.nd another at  Cedar 
Springs, farther north. I'nseasonably high tempera- 
tures prevailed during all the morning and afternoon 
of the 23th; a t  Montgomery the niasimum was 77" F. 
at 11:45 a. m.; and at  Wetumpka and Auburn the 
highest were 77" and 76", respectively. The absolute 
humidity, as shown by tlie records at  Montgomcry, 
was likewise unseasonably high; the relative humidity 
at 7 a. m. was 91 per cent, at noon 74 per cent, and at  
7 p. m. 79 per cent. Tliunderstornis were reported 
from 10 stations in Alabama, most of these being in 
the east-central portion of the State. A t  Montgomery 
the aver e hourly wind velocity during the day was 
14 miles, Tl t e directions varying from southeast to south- 
west. 

THE DEATESVILLE-AGRICOLA-WEST POINT TORNADO, 

This, the principal tornado in Alabama on the %th, 
first appeared about 1 mile north of Deatesville, western 
Elniore County, near the Autauga-Elmore Count line, 
at about 2:30 p. m. From Deatesville it rnovei east- 
northeastward over northern Elniore County, through 
south-central Tallapoosa County, wipinq out t,he little 
village of Agricola, thence across southern Chambers 

County, crossing the Georgia-Alabama line at  West 
Point, Ga., at  about 3: 37 p. m. The len th of the track 
in Alabama, from Deatesville, Ala., to 3 est Point, Ga., 
is about 65 miles on a straight line. Assuming the 
times as given above as correct, the s eed of transla- 
tion was about 60 miles per hour. i s  shown by a 
number of reports received, the tornado was well defined, 
from 100 yards to a quarter of a mile in diameter, marked 
by the usual funnel-shaped cloud, and accompanied by 
winds of very destructive violence. 

Evidence of rotation was slight, amounting to the 
directions of felled trees at  West Point, Ca., as reported 
by Conductor Hal Cline, of the Atlanta & West Point 
Railroad. He states that trees on the north side of 
the storm's path lay to the left; in the center, straight 
ahead; on the south side, to the right. Mr. Cline, while 
he did not see the funnel-sha ed cloud, describes the 

as follows: 
clouds at  West Point, Ga., just B efore the tornado struck, 

Comin to West Point about 3:30 p. m., I noticed awfdlv black, 
geenish%mking clouds; stood there about live minutes loading pas- 
sengexs. As we pulled out i t  began to rain a little; in about two minut,es 
the storm hit us. We had to stop the train until it passed; came very 
near moving the train from the track. Of course, we were not directly 
in the path of the tornado. hut on its edge. Bei inside the cam and 
the rain BO terrific, we did not look to notice the3ouds. 


